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Study on damage evolution law of coal gangue concrete amidst the

freezing-thawing environment

QIU Jisheng, PAN Du, GUAN Xiao, GU Shuancheng , ZHENG Juanjuan, ZHANG Chenghua
(School of Architecture and Civil Engineering, Xi’an University of Science and Technology, Xi'an 710054, China)

Abstract: To study the frost resistance of coal gangue concrete, the concrete was prepared according to 0%, 20% ,
40% and 60% substitution rate of coal gangue. The rule of different coal gangue substitution rate on the surface
appearance, the mass , the dynamic elastic modulus and compressive strength by the action of freeze-thaw cycles
were researched. According to the change of the dynamic elastic modulus of coal gangue concrete under different
freeze-thaw cycles, the damage evolution equation of coal gangue concrete was established. The results show that
the coal gangue substitution rate of 0%, 20%, 40% and 60% of the concrete, freeze-thaw damage occurred 300
times, 65 times, 55 times and 25 times respectively. With the increase of the replacement rate of coal gangue, the
frost resistance of concrete obviously decreased. It is also shown that the damage evolution equation of coal gangue
concrete coincide well with the test data, which can provide theoretical basis for the durability design of coal gangue

concrete in freeze-thaw environment.
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Tab. 1 Proportion of mixture about coal gangue concrete
g5 KR/kg-m ' KK FAF/kgrm? LA /kg - m? K/kgrm ™ WF/kg - m o AN/
C1 300 0.53 1240 0 160 700 0.6
CIM2 300 0.53 990 182 160 700 0.6
C1M4 300 0.53 744 364 160 700 0.6
C1M6 300 0.53 496 545 160 700 0.6

L3 RKHEHRERSE

BEGT A TR EE 4 A 00 A B g A A O % 2
rac. Hr. aE RKR R 100 mmX 100 mm X
300 mm A, b ERKRFH 100 mm X100 mm
X100 mm 37 J5 1.
1.2 AR

BT A TR BT A R Rl A0 AR 41 O i R B = K
RERITT A P RE R J7 ik AR i) R AT . I bR v 37
FroadfE, BBONKRIRE 4 d, 75 28 d BEFTHR
HEARRRIALY . FrE RS . A B AR 2 T R
RS 100 mm X 100 mm X 300 mm AEFEMK; HUHE =
BRI % R ~F 4 100 mm X 100 mm X 100 mm 3F.
Jitk.
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Tab. 2 Specimen making and grouping

gl a/A b /4
Cl 15 30
C1M2 15 30
CIM4 15 30
CIM6 15 30
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Fig. 1 The concrete apparent morphology
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Fig. 2 Mass loss
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Fig. 3 The loss of relative dynamic elastic modulus
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Tab. 3 Damage of coal gangue concrete under different freeze - thaw cycles

C1 C1M2 C1M4 C1M6
FREAIEIR R WO UREMEIR R B REMEIRREC MW REMVERNKE Wi
0 0 0 0 0 0 0 0
50 0. 036 25 0.117 25 0.173 10 0. 155
100 0. 067 35 0.174 35 0.228 15 0.207
200 0.135 45 0.225 45 0.337 20 0.268
300 0.209 65 0. 401 55 0. 407 25 0. 354

K Cl4H, CIM2 4H, CIM4 ARGl TH
5, FERHAREE TG
LA 15 30 25 ALY PR A0 A 7 R
D(n)=a -+ n’ (2)
R, a, b RHFFERE, n HIHETERRE, &AM
H2HFE 4 PR .
3.2 WA RBRLIAMBROGELABREBEREN
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HE— W 2 B HUAR N BT 1 1R Bk 1 VR ik A5
B SN, ST BT A0 TR BE - R R R A T Ak FE G
D(n)=K, *a-+n"% (3)
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Fig. 5 Freeze-thaw damage fitting
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Tab. 4 Fitting parameters

24 57| a b R*
C1 5.347X10" 1.048 0.996

CIM2 1.34X10°° 1. 366 0.989

C1M4 4.09X10°7 1. 15 0. 980
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Tab. 5 The ratio of the freeze-thaw test damage value to

the evolution equation damage value
TR R PR TR L
10 15 20 25

205 A5

R A 0  0.155 0.207 0.268 0.354
C1M6 A 0 0.145 0.213 0.280 0.345
RIS/ EME — 107 0.97 0.96 1.02

C1M6 2H 1% Fh 45457 iR B 5 Ak 7 R i Bt
HAIIME M 1,01, bRiEZE N 0. 044. CIM6 4 % ik
W R IR 5 A 5 R A X s 1 6 B R

T
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